BACKGROUND Platelet-rich plasma (PRP) was identified as having a beneficial effect in alopecia and has been postulated as a new therapy for androgenetic alopecia (AGA).
In 2006, Uebel and colleagues 14 reported a new application of PRP for male pattern baldness surgery. This study showed that treatment of follicular units with PRP before transplantation resulted in improved hair growth and density. Since then, several studies 3, 4, 7, 10, 14, [23] [24] [25] [26] have been conducted worldwide to investigate the role of PRP for the treatment of hair loss, with a limited number of articles on PRP and AGA.
Despite these previous studies, the precise mechanism by which PRP promotes hair growth has not been properly studied. 7 The level of evidence of various studies in AGA is from low to medium, 27 and defined double-blind trials or split-face trials will definitely increase the confidence of clinicians with this procedure. 28 Regarding the limited available literature, the authors performed a prospective randomized, double-blind placebo-controlled, half-head study on 25 patients with AGA, including 13 women. The main objective of this study was to evaluate the efficacy of treatment with PRP on AGA, between 3 months, 6 months, and baseline and to determine whether PRP could be considered a new effective treatment option for AGA.
Materials and Methods

Study Design
This study was a randomized, double-blind, placebocontrolled, half-head, parallel-group study on patients with AGA. After having received approval from the Ethical Committee of CEIC-UIC, the clinical protocol for the treatment of AGA was started in a private clinic linked to the Universitat Internacional Catalunya. All patients provided written informed consent before participating in the study, which was performed according to the Declaration of Helsinki.
Participants
Participants were admitted in the study between January 2014 and November 2014. Men aged 18 to 65 years with Hamilton-Norwood Patterns II to V and women aged 18 to 65 years with Stage I to III according to Ludwig classification, who were otherwise healthy, were eligible for inclusion in this study.
The exclusion criteria were as follows: use of any topical medication (such as minoxidil or any other solution for hair growth), oral medication (finasteride, dutasteride, or antiandrogens), laser therapy, or chemotherapy, within the preceding 12 months; bleeding disorders, platelet dysfunction syndrome, platelet counts <150,000 platelets per microliter (mL); anticoagulant therapy or nonsteroidal anti-inflammatory drugs in the last 2 weeks; smokers (>20 cigarettes/day); and pregnancy or lactation. Patients were also excluded from the study if they had any chronic active scalp condition other than AGA or a history of hair transplants.
Interventions
A complete blood cell count was performed in all patients at baseline. Only patients whose blood test had all parameters within the respective reference ranges were included in the study.
Eligible subjects were randomized in a ratio of 1:1 to receive a half-head treatment with PRP and the other half-head with placebo (saline solution). The patients were divided into 2 groups (A and B): Group A received treatment with PRP on the right half head and the placebo on the left half head, whereas Group B received treatment with PRP on the left half head and the placebo on the right half head ( Fig.1 ).
Briefly, to prepare PRP, 18 mL of peripheral blood was transferred to a tube with 2 mL of 3.8% sodium citrate. The 20 mL citrated blood was centrifuged at 460g for 8 minutes (Omnigrafter-Proteal, Barcelona, Spain). The centrifugation process separated blood components owing to their different specific densities: an erythrocyte layer at the bottom of the tube, a PRP layer in the middle, and a platelet-poor plasma (PPP) layer at the top of the tube. Approximately 3/4 of the supernatant is discarded (PPP), and the resulting suspension is used as PRP (3 mL). The PRP obtained is a pure PRP (leukocyte poor), and the platelet count was on average approximately 3 times higher than in whole blood. The PRP fraction was separated and activated with 0.15 mL of 10% calcium chloride immediately before application. The PRP was injected on 4 selected areas of the scalp (marked with a dot tattoo) at the amount of 0.15 mL/cm 2 , using a 30-G needle. Local anesthesia was not used. No adverse events were recorded in this study, apart from local injection pain.
As a control, 3 mL of saline was injected into the opposing side of the experimental side. Because the characteristics and color of PRP are different from the placebo, the injecting physician is not blinded to the treatment modalities. The other physician, who is not aware of the side of the treatment, was responsible for the analyses of the data obtained and the evaluation of the treatment efficacy. The subjects remained blinded to the treatment (PRP or placebo) until the end of the study.
At the end of the study, all patients received 3 treatments of PRP on the previously nontreated half head (placebo area).
Assessment Criteria
All patients were evaluated in 4 visits: V1, baseline and beginning of the study; V2, second treatment; V3, third treatment; and V4, follow-up. In the first 3 visits, a total of 3 treatments were given with an interval of 1 month from each other. The follow-up visit was the last visit, at 6 months to assess the efficacy of treatment compared with baseline. At baseline, 2 circular areas (1 frontal and 1 occipital) in both treatment and control half heads (4 circular areas) were defined and marked centrally with a red permanent tattoo. A dot tattoo guaranties the analysis of the same area to ensure the reproducibility of the study. The target areas were set symmetrically and according to the hair density. The results were compared on similar locations: the right frontal area was compared with the left frontal area and the right posterior area was compared with the left posterior area.
The evaluation criteria were assessed in all patients by global photography and phototrichogram. The evaluator responsible for both global photographs and phototrichogram analyses was blinded with regard to the treatment and placebo areas and was not involved in the administration of treatment.
Global photographs of 3 areas of the scalp (vertex, frontal, and occipital) were performed using a medical photography system and software (Canon Canfield Orthostatic Device; OMNIA Digital Imaging System, Fairfield, NJ) to ensure that all patients were photographed consistently.
Phototrichograms were performed in all patients with the help of epiluminescence microscopy with digital image analysis (FotoFinder; TrichoScan Professional Version). Clippings of the 4 target areas were performed 48 hours before the phototrichograms were obtained. Using the TrichoScan software, all protocol-conformed pictures were analyzed to determine the treatment efficacy by measuring hair count (number of hairs/0.65 cm 2 ), hair density, terminal hair density, anagen (%), telogen (%), and the anagen/telogen ratio.
Statistical Analyses
Statistical analyses were performed using the mixed procedure SAS 9.2 (SAS Institute Inc., Cary, NC). Values of p < .05 were regarded to be statistically significant. Data are presented as the mean 6 SDs.
Results
Twelve men and 13 women with AGA were admitted in this study, of a total of 25 patients. Twenty-two patients (11 male and 11 women) completed the entire study; 3 patients were lost to follow-up. The mean age of enrolled subjects (n = 22) was 39 years (age range: 21-62 years). The blood cell count performed in all patients at baseline had a mean platelet counting of 1.523.82 6 35,000 platelets/mL. The hair growth parameters were measured after 3 months and 6 months and compared with the baseline (before treatment) and between treatment and control areas (placebo). At baseline, there were no significant differences in hair count, hair density, terminal density, and anagen or telogen hairs between the treatment and control areas of the scalp. Mean hair growth parameters for the treatment and control areas are shown in Table 1 .
The results of this study revealed that the administration of PRP led to a statistically significant increase in the mean anagen hairs, telogen hairs, hair density, and terminal hair density after 3 months and after 6 months when compared with baseline ( Fig.2) Regarding the mean total hair density, the increase on the treated side was also found to be significant compared with that on the control side. The mean total hair density for the treatment area after 3 months showed a mean increase of 14.8 6 32.1 hairs/cm 2 compared with baseline, whereas the control area showed a mean decrease of 0.7 6 32.7 hairs/cm 2 (control vs treatment, p < .05). After 6 months, the treatment area with PRP had a mean increase of 12.8 6 32.6 hairs/cm 2 and the control area a decrease of 2.1 6 31.3 hairs/cm 2 (control vs treatment, p < .05).
With respect to the number of total hair count, although there were no significant differences between the PRP-treated area and the placebo area, PRP exhibited a slight increase in number of hairs compared with the control group.
No differences in vellus hair density between the PRP and placebo areas were observed. In this study, an analysis of each hair growth parameter and subject demographic characteristics was performed ( Table 2 ).
In support of the data obtained, treatment with PRP showed a statistically significantly correlation of the mean total hair density between men, patients aged #40 years, beginning of hair loss $25 years, positive family history, and >10 years of evolution of AGA, when compared with the placebo. This study also found a correlation in the areas treated with PRP between anagen hairs (%), and patients aged more than 40 years and beginning of AGA $25 years, at 6 months. The other parameters analyzed did not show statistical differences.
Discussion
In this double-blind, half-head, and placebo-controlled study, the authors have demonstrated that the administration of PRP attended a statistically significant improvement of mean anagen hairs, telogen hairs, hair density, and terminal hair density at 3 months and 6 months, when compared with baseline. However, when comparing to the control side, the hair on the PRP-treated side showed a statistically significant increase in mean total hair density only. The underlying mechanism of how administration of PRP induces a positive effect on AGA is not clear.
Li and colleagues 7 studied the effect of PRP on hair growth using in vitro and in vivo (mice) models. They proposed that the injection of mice with activated PRP induced a faster telogen-to-anagen transition than was seen in the control mice. Anagen-associated angiogenesis has been suggested to be one of the most important factors in active hair growth. 26 This study provides further support that pure PRP may prolong the anagen phase of the hair cycle, as the authors found a superior anagen/telogen ratio (%) in the areas treated with PRP than the areas treated with the placebo, when compared with baseline.
In a study performed by Lopez and colleagues, 29 patients treated with PRP showed a significant correlation between male sex and the hair density. As in the latter article, beside this correlation, in this study, the authors were also able to demonstrate for the first time a statistical significant association between hair density and patients below 40 years with positive family history of AGA and more than 10 years of duration of the disease. In addition, to the best of the authors' knowledge, this study is also the first in which there is a correlation between anagen hairs and patients older than 40 years and beginning of AGA with age superior to 25 years.
This study has the limitation of having a follow-up of 6 months. Furthermore, a follow-up period of 6 months is short to draw final conclusions about the benefits of treatment with PRP over time. However, in this study, a single patient played the role of both treated and controlled subject. This has advantages because it could correct the possible biases such as gender and grade of hair loss that could affect the results.
Data analyzed from different studies 7,10,14,25,29-33 demonstrated an increase in number of hairs and/or hair density in patients treated with PRP. Most studies are open label and not blinded, making it difficult to reproduce the results and perform comparisons between them. 22 Also, there is a large heterogeneity in PRP preparation with many devices available, which makes more difficult the interpretation of the results. Some studies also included modifications or other types of f PRP, such as dalteparin/protamine 10 and leukocyte PRP. 4 Although the literature about PRPs developed with all these contradictions, the need for standardized terminology is of maximum importance. 34, 35 Thus, some classifications have been proposed to achieve a consensus terminology in the field of platelet concentrates. [36] [37] [38] [39] Characterizing the type of PRP used (as a pure PRP, in this study) will lead to a better understanding of PRP, and data available will be easier to sort and interpret. Also, this terminology would serve as a basis for further research on the topic.
Conclusions
This clinical research provides support that the application of PRP may have a therapeutic effect on AGA and can be used as a safe complementary treatment option. However, more controlled and well-designed clinical trials should be conducted to confirm the clinical improvement of AGA with administration of PRP.
Furthermore, other clinical trial that includes a larger sample of patients with AGA, simultaneously treated with PRP and other topical and/or oral medications for hair growth, would also help define the efficacy of PRP as an adjuvant treatment of AGA. 
